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学位論文要旨
Inthisthesis,weutilizetherobustQ-Parametrizationcontroltheorytodesignacon-
trollerfCramagneticbearingsystemtostabilizeitandsolvetheproblemofimbalance・TherobustQ-Parametrizationcontroltheorycharacterizethesetofallstabilizingcon‐
trollersofagivenplantintermsofafreeparameter9ThecontrollerQ-parameteristhenchosensuChthatdesignspecificationsareachievedMoreover，otherperformanceandrobustnessgoalsareincludedThedesignobjectivesarefbrmulatedasasetoflinear
equationsinthefreeparameter9ThefreeparameterQisfCundbysimplysolvingthis
setoflinearequations．
Magneticbearingsarearathernewconceptinbearingtechnology・Theytakeradialloadsorthrustloadsbyutilizingamagneticfieldtosupporttheshaftratherthana
mecllanicalfOrceasinfluidfilmorrollingelement・
Magneticbearingsarereceivingincreasedattentionnowadaysandbeinｇｕｓｅｄｉnmanyindustrial,militaryiandspaceapplications・Theyarecapableofsuspendingrotatingshafts
athighspeedswithoutmechanicalcontactorlubrication，ｔｈｅｒｅｉｓｎｏｗｅａｒ・Magneticbearingshaveseveraladvantagesanddisadvantages．
‐Advantages
⑲VeryhighorlowtemperatureOperation
⑯Lowpowerconsumption
⑯Verylonglife
④Elinnnationofoilsupply
⑯Noncontaminationofworkingfluid
⑰Reductionoffirehazard
⑪Vibrationcontrol
⑭Diagnosticcapability
－１６２－
－Disadvantages
●Lowerspecificloadcapacity
●Largerbearing
●Highercost
Magneticbearingscommonlyhavelowerpowerconsumptionthanrollingelementbear‐ings・Also，rollingelementbearingshavefinitelife、Becauseofthenon-contactnature
ofmagneticbearings，theyhavemuchlongerexpectedlife・Otheradvantagesofmag‐
neticbearingsarerelatedtoreduceddependenceonenvironmentalconditions・Magnetic
bearingsdonotrequireoillubricationsotheyarewellsuitedtoapplicationssuchasturbo-
molecularvacuumpumps，turboexpanders,ａｎｄcentrifilgeswhereoilcannotbeemplOyeCL
Theycanoperateatmucllhighertemperaturesoratmuchlowertemperaturesthanoil
lubricatedbearings、
Intensivestudiesandresearchhavefbcusedonthecontrolofelectromagneticattractive‐
fbrcefbrheavylevitationandsuspensionapplications，Electronicallycontrolledactive
magneticbearingsoiferanumberofadvantagesovertheconventionalones：
・abilitytocontrolthesuspendedshａｆｔａｔａｎｙｔｉｍｅ
●possibilityofeliminationofvibrationbyactivedamping
oabilitytoaJjustthestiHEnesstoproducehighpositionaccuracy
●abilitytoprovidefOrautomaticbalancing
lmbalanceintherotormasscausesvibrationphenomenainrotatingmachines、Since
balancingisratherdifIicult，thereisoftenaresidualimbalanceintherotomMoreover，
therotorsometimesbecomesunbalancedwhilethemacllineisinOperation・Theproblems
causedbyimbalancecanbeovercomebypropercontrol、Inthisthesis,inordertosolvethe
unbalanceproblems，ｉｍｂalancecompensationmethodandautomaticbalancingmethod
areproposedfOroneoperatingspeed、Ｆｏｒａｎｕｍｂｅｒｏｆｏｐｅｒａｔｍｇｓｐｅｅｄｓｗｅｐｒoposethe
variablespeedcontrolmethodandgamscheduledcontrolmethＯＣＬ
Ｃｈａｐｔｅｒ２
Inthischapter，weshowsimplifieddiagramofa4-axiscontrolledhorizontalshaft
magneticbearingswithsymmetricstructure，andadigitalcontrolsystemfbrcontrolling
therealexperimentalmagneticbearingsystems．
Ｃｈａｐｔｅｒ３，４
Inthesechapters，wediscussthemathematicalmodelingThebasicconceptsofthe
flightdynamicsistreatedinchapter3，soastointroducetheconventionalmathematical
modelandnewmathematicalmodeltreatingincllapter4．
Ｃｈａｐｔｅｒ５
Thischapterbeginwithmodelinganduncertainty,uncertaintyandrobustness,coprime
factorization,internalstability,robuststability・Ｔｈｅｎｗｅｓｈｏｗｅｕｃｌｉｄ，salgorithmandthe
statespacerepresentationoftheQ-Parametrizationcontroller．
Ｃｈａｐｔｅｒ６
Inthischapterwedealwiththesimulationresultsandexperimentalresultstoevaluate
thelevitatedstatesofthemagneticbearingsystem・Andalsoweshowfburdifferent
approachessoastomakethelevitation．
－１６３－
oQ-Parametrizationcontrol
-Evaluationusingconventionalmathematicalmodel
-Evaluationusingnewmathematicalmodel
‐Evaluationusingnewmathematicalmodelofdiscrete-timedomain
●Evaluationofmixedsensitivityproblemcontrolusingconventionalmathematicalmodel
Ｃｈａｐｔｅｒ７
Ｉｎｔｈｉｓｃｈａｐｔｅｒｗｅｄｅａｌｗｉｔｈｔｗｏｋｉｎｄsofcontrolmethodsfbrtheimbalanｃｅｃｏｍ‐
pensationinthecontinuoustimedomain・Thefirstmethodistocompensatefbrthe
unbalancefOrcesbygeneratingelectromagneticfbrcesthatcancelthesefbrces(imbalance
compensation).Thesecondmethodistomaketherotorrotate…｡unditsaxisofinertia
(automaticbalancing)．Inthiscasenoimbalancefbrceswillbegenerated・Inimbalance
compensationdesign，theimbalanceisrepresentedbysinusoidaldisturbancefbrces，and
freeparameterQofthecontrollerischosensuchthatrejectionofsmusoidaldisturbances
isachieved・Inautomaticbalancingdesign，ｔｈｅｉｍｂａｌａｎｃｅｉｎｔｈｅｒｏｔｏｒｉｓａｓｓｕｍｅｄａｓａ
ｓｉｎｕsoidalnoiseinthemeasuredsignal，Namelythesensormeasurementsshouldindicate
themotionoftheprincipalaxisofinertiaplusgeometricalerrorsduetothedifference
betweenthegeometricalaxisandtheinertialaxis・
Inthischapter,thecontrollerisdesignedatspeedp＝０(nominalplant）andexperi-
mentalresultsareobtainedatthreedifTerentspeedp＝２７r17.5[rad/s],ｐ＝２汀20[rad/s]，
p＝2汀225[raCl/s]fbrbothimbalancecompensationandautomaticbalancingdesign・The
resultsshowgoodrobustnesstomodeluncertaintiesandshowthatthemagneticbearing
systemscanbeusedtocontrolvibrationsinrotatingmachineryintwodifIerentways,by
compensatingfOrtheimbalancefbrces(imbalancecompensation)orbymakingtherotor
rotatearounditsaxi8ofinertia(automaticMancing)．
Ｃｈａｐｔｅｒ８
Inthischapterweproposeaimbalancecompensationcontrollerdesignmethodologyof
magneticbearingsystemfbracertainspeedlnordertoachieveeliminationofunbalance
vibrationweusethediscrete-timeQ-parameterizationcontroLAndthenewmathematical
modelisutilized・First，ｗｅｇｉｖｅａｎewmathematicalmodelfCrthemagneticbeaJdng
instatespacefbrm、Second,weexplaintheproposeddiscrete-timeQ-parameterization
controllerdesignmethodologyfbracertainspeedofrotation、Thecontrollerfreeparameter
Qisassumedtobeaproperstabletransferfunction・Third,weshowthatthecontrollerfree
parameterwhichsatisfiesthedesignobjectivescanbeobtainedbysimplysolvingasetof
linearequationsratherthansolvingacomplicatedoptimizationproblem，Finally,several
simulationandexperimentalresultsareobtainedtoevaluatetheproposedcontroller．
Ｃｈａｐｔｅｒｇ，１０
Inthesechapters,weproposeacontrollerdesignmethodologyusingthediscrete-time
Q-parameterizationcontrolforvariablespeedmagneticbearingsandgain-scheduledQ‐
Parametrizationcontrollersinordertoachieveelilninationofunbalancevibrations・These
chaptersaretheextensionofthecontrollerdesignmethodologydevelopedinchapter8
WeshowthatthecontrollerfreeparameterQwhichsatisfiesthedesignobjectivescanbe
obtainedbysimplysolvingasetoflinearequationsratherthansolvingacomplicatedop-
timizationproblem・Theoperatingspeedsare27r10[rad/sec]’2汀20[rad/sec]’2汀30[rad/sec］
fbrvamblespeedmagneticbearingsａｎｄ６００[rpm]－９００[rpm]fbrgain-scheduledcon‐
trollers・Severalsimulationresultswereobtainedtoevaluatetheproposedcontroller．
－１６４－
Chapterll
Weconcludethisthesisinthechapter．
学位論文審査結果の要旨
本学位論文に関し，平成１０年１月２７日に第１回学位論文審査委員会を開催し，提出された学位論文
および関係資料について検討を加え，同２月６曰の口頭発表後，審査委員による協議の結果，以下の通
り判定した。
磁気軸受は，完全に非接触で物体を回転させることができることから多くの優れた特長をもってお
り,実用化も進みつつある｡磁気軸受に限らない一般的な現象であるが,回転体に不平衝があるとき,そ
の値がわずかであっても高速回転によって振れまわりを生ずる。これを能動制御によって解決するた
めの方法が諸種研究されているが一長一短がある。本論文では，フィードバック制御系の設計をする
段階で生ずる自由パラメータＱを設定することにおいて，（１）回転体を慣性中心で回転させる，（２）
幾何学的中心で回転させる，の2つの場合における設計方法を提案している。また，制御システムに
ロバスト性（頑健`性）をもたせ,さらに，回転速度の変化に対しては，ゲインスケジュール法を用い
て追随できるよう検討している。実際の4軸制御形磁気軸受実験機について，制御系を設計し，実験
を行い所期の結果を得ている。
本論文の成果は，今後磁気軸受の実用化および制御系設計の分野において有益なものであり，高い
評価を与えることができる。
以上の内容を総合して本論文は，博士（工学）の学位を受けるに値するものと判定する。
－１６５－
